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ABSTRACT

This study empirically evaluates the effectiveness of cold wave adaptation policies, specifically emergency warning
messages and designated cold wave shelters, in reducing cold-related illnesses in South Korea. Using monthly panel data from
229 municipalities during the winter seasons (November - March) from 2014 to 2023, we applied a two-part model to estimate
policy effects separately on (1) the probability of cold-related illness occurrence and (2) the conditional number of patients
given illness occurrence. Heterogeneity analyses based on regional aging levels and urban - rural classification were conducted
to further examine spatial variation in adaptation effectiveness. The results indicated that warning messages significantly
reduced both the probability of illness occurrence and the conditional number of patients. However, their marginal
effectiveness diminished as issuance frequency increased, suggesting a nonlinear relationship consistent with information
fatigue. In contrast, shelter capacity did not significantly affect the probability of illness occurrence but reduced the number
of patients once illness occurred, suggesting that shelters primarily function as post-occurrence mitigation measures rather than
preventive tools. Heterogeneity analyses showed that the effectiveness of both policies weakened in highly aged regions and
that shelter effects were relatively limited in urban areas. These findings suggest that adaptation effectiveness depends not
only on the provision of physical facilities or information but also on how policies are implemented within structurally
differentiated regional contexts. In rapidly aging areas, adaptation strategies should therefore incorporate measures to improve

accessibility and effective use, including mobility support and targeted communication approaches.
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Fig. 1. Spatial distribution of average winter temperature (November to March) in South Korea: Comparison

between 2014 and 2023
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Dependent patient Number of cold-related illnesses persons .
Assessment Service (HIRA)
Independent
polic Shelter Heating shelter capacity per 100 people persons Ministry of the Interior and
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Table 2. Two-part model results for cold-related patient occurrence

Variab] (1) Step 1: Probability of positive occurrence (2) Step 2:
ariables . .
(A) No interaction (B) With interaction Conditional patient count (Y>0)
-0.082%** -0.081%** -0.034*
Shelter
(0.031) (0.032) (0.020)
. -0.096*** -0.106%** -0.029%**
Warning
(0.034) (0.033) (0.008)
s 0.005** 0.003 0.000
Warning
(0.002) (0.002) (0.001)
0.012 -0.003 0.021%%*
cdays
(0.022) (0.025) (0.007)
0.275 0.279 -0.060
wspd
(0.196) (0.196) (0.047)
0.135%*
In (elder_share) - -
(0.061)
-0.609%** -0.609%** 0.026
In (grdp)
(0.149) (0.149) (0.059)
0.365%** 0.364** 0.352%%%*
In (beds)
(0.153) (0.153) (0.076)
-0.412%** -0.413%** 0.055*
In (park)
(0.100) (0.100) (.028)
. 0.007** 0.002**
Warning X cdays -
(0.003) (0.001)
8.790%** 3.352%%* -10.056%**
Constant
(0.845) (0.745) (0.291)
Month FE Yes Yes Yes
N 10,533 10,533 6,623
BIC 12,078 12,083 49,338

Note: *p<0.1, **p<0.05, ***p<0.01. Clustered standard errors at the municipal level are reported in parentheses. A likelihood ratio (LR) test

indicates that the interaction model improves model fit at the 10% significance level (p=0.053). Shelter: denotes cold-wave shelter capacity

(per 10,000 population), Warning: the number of cold-wave warning messages issued, cdays: the number of cold-wave days, wspd: average

wind speed, alone share: the share of single-elderly households (%), grdp: gross regional domestic product (GRDP) per capita, beds: number

of hospital beds per capita, park: park area per capita, Month FE: month fixed effects
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Table 3. Heterogeneity effects by regional
characteristics

Variables (3) Senior Share | (4) Urbanization
-0.201*** -0.158%**
Shelter
(0.065) (0.058)
Shelter (sq.) 0.007%%*%*
elter (sq. -
q (0.003)
. -0.028* -0.032%*
Warning
(0.014) (0.014)
Wamning (sq.) 0.001** 0.002%**
arning (sq.
&4 (0.000) (0.001)
0.784*
elder_share -
(0.443)
0.651%%**
Shelter x elder share -
- (0.232)
. -0.009
Warning x elder share -
(0.059)
0.069*
Shelter x urban -
(0.040)
. -0.009
Warning x urban -
(0.014)
. -0.073*** -0.073%**
tmin
(0.009) (0.009)
0.136** 0.118*
wspd
(0.058) (0.061)
0.104
urban -
(0.141)
0.230%**
In (alone_share) -
(0.088)
In (grdp) 0.018 0.042
n (gr
£rep (0.062) (0.054)
0.368%** 0.301%**
In (beds)
(0.071) (0.070)
In (park) 0.075%*
n (par -
P (0.029)
-10.688*** -10.823***
Constant
(0.295) (0.371)
Month FE Yes Yes
N 6,623 6,623
BIC 48,835 48,938

Note: *p<0.1, **p<0.05, ***p<0.01. Clustered standard errors at the
municipal level are reported in parentheses. Shelter: denotes
cold-wave shelter capacity (per 10,000 population), Warning: the
number of cold-wave warning messages issued, cdays: the number of
cold-wave days, wspd: average wind speed, urban: wurban
classification dummy variable equal to 1 for urban municipalities
(Si/Gu) and O for rural municipalities (Gun), alone share: the share
of single-elderly households (%), grdp: gross regional domestic
product (GRDP) per capita, beds: number of hospital beds per capita,
park: park area per capita, Month FE: month fixed effects

10) BHEPARTE= 2ol 239 2% B =BV Ix) |

g Bstol AEstACt

Journal of Climate Change Research 2026, Vol. 17, No. 3

7t AA W x9 RRAT op/0X, 5 HSAEE B}

SHE AAEEA W FA ()Y AR FYsHA U
Bt 82} 4= A BIE B0 H(-0.032), AFEA H
& 59 AFFE dHY HFoE [FosHA yEL
(+0.002), 22 e} W 314 7t vl FH JA 7t
AT M-S AAFRITE HQl R A= FARRE B
o] RlIH u} 9lo], ¥ 35 Jrto| WE &3t Al 7}
S48 Autxog AR E= Ao 7 FAH; thul EA
3} Bigeote] A5 A8 FAYOE Fo5tA] FA Y
Efg 29§30 wE 53t Aol Al AoZ 5

Table 39| 45283 74 AHE vIgCo=, 49 &
o] A 37| ZpolE Eot FIH o= Flsty] s
13} 2d U TASE 39 B A AT average
marginal effects)!0E F7H4 08 AFEsilon, 1 A3}
£ Table 49] AA|5Fc}.

HA 153t £ B4 Fa s 49 1y
IS B0l W& A Y(low aging)o| A AL A3 A7}
o A Yvepgow, 18 QI H|Fo] =2 A Y(high
aging)ol A= 1 837} A35lE= o] ERlErh(A 1
B3} 2|9 -3.67, 183} A -1.19). o] HF2AEY &
Aof| A Yepd <1¥s} £ JTto] 2 5yt oksk miE
I A

AFEA QA 17 QI H|Fo] W2 AFojjA] o &
R A aTE B 0m(-0.86), 117 I H|FO] &
AGoflx= dH oz &2 FIN-0.50)7F UrEFELTh ok
ok o]t Aol AT RGOl BAYOE [t
FRIE| A= okth= HollA, axte] J3Fdat 37] Ajo]
£ FEEY oiF o]dAS FFH o= ]l 4l
%3t 997} ek

=02, St 9] B§ ZA] XY (urban)of| A 22}
Azt 5ol SAEII} o IA YEREOH(ZZA] -2.40,
H|IZA] -1.54), o] A5 283 7|8F B4ofA gRlH o
A4 gy It v AEEA] 49, 4528
oflAl= ZAIQ} H|ZA] 7t 2o 7} BAH 2 |oJ5HA Lt
EfLA] oFotout, Bt SHAET 7]EoA e BAl X Fo|
A9l AIH-1.07)7F HIZA] A H(-0.29)°] H]s & A
Efb= o] TEH

£ A9 A= gt g Fo] A% wsiE Adtet
£ b 7198 $ ASS BoEres HoA, R4
7b 244% A A3toll a3t &S AAIEE Kim and

o]

ok
ot



Table 4. Average marginal effects by group

Low aging | High aging | Non-urban Urban
Shelter -3.67 -1.19 -1.54 -2.40
Warning -0.86 -0.50 -0.29 -1.07

Note: Reported values are average marginal effects (AMEs) based on
the negative binomial model. Effects represent the change in
expected patient counts associated with a one-unit increase in each

policy variable. Estimates are computed separately by subgroup.
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Table A1. Results of alternative model analysis for robustness checks

e OLS . Negative Binomial
Classification Poisson
(Log-Normal) (ZINB)
-0.0156%*** -0.0142** -0.0168***
Shelter
(0.0056) (0.0071) (0.0062)
. -0.0237*** -0.0154%* -0.0175%**
Warning
(0.0069) (0.0067) (0.0065)
. 0.0011%* 0.0008* 0.0010*
Warning (sq.)
(0.0005) (0.0004) (0.0005)
. -0.1509*** -0.1718*** -0.1775%**
tmin
(0.0052) (0.0040) (0.0043)
0.2677*** 0.3405%** 0.2874%%%*
wspd
(0.0434) (0.0302) (0.0293)
0.2344*** 0.5047%** 0.3586%**
In (grdp)
(0.0777) (0.1153) (0.0975)
-0.1022 -0.4412%** -0.2402*
In (bed)
(0.0758) (0.1595) (0.1306)
0.0961%** 0.0814%** 0.0953%%*%*
In (park)
(0.0282) (0.0212) (0.0241)
BIC 13,797.2 64,462.8 53,871.8

Note: *p<0.1, **p<0.05, ***p<0.01; For the Poisson and Negative Binomial models, In(Population) was used as an offset. Zero values are

included in the Negative Binomial model.

Table A2. Descriptive statistics

Variable Description Unit Mean SD Min Max
patient Occurrence of cold-related illnesses (0,1) 0.633 0.482 0 1
Heating shelter capacity per 100
Shelter persons 0.328 1.722 0 25.116
people
Warning Frequency of cold wave warnings count 0.554 1.760 0 30
cdays Number of cold wave days days 1.180 2.877 0 23
tmin Minimum Temperature °C -2.055 4.326 -14.430 10.997
wspd Monthly average wind speed m/s 1.926 0.594 0.659 4.877
Gross Regional Domestic Product .
grdp . million KRW 3.470 0.565 2.285 5.879
per capita
fin Financial independence rate % 2.812 0.592 1.361 4.233
. . beds per
beds Number of hospital beds per capita 2.498 0.714 -1.609 4.250
person
park Park area per capita m’ 2.389 1.171 -3.487 5.229
alone_share Share of single elderly households % 2.308 0.536 0.993 3314
urban_area Urban land share % 170.224 150.823 22.760 1,841.960

Note: Descriptive statistics are calculated using the full sample (including zero and positive observations) corresponding to Step 1 of the

two-part model. The conditional sample used in Step 2 (Y>0) is not reflected in this table.
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Table A3. Correlation matrix

Shelter Warning tmin cdays wspd alone_share grdp beds park
Shelter 1.000 0.073 0.054 0.016 0.057 0.160 0.171 0.032 -0.014
Warning 0.073 1.000 -0.194 0.396 0.031 0.089 0.096 -0.026 -0.033
tmin 0.054 -0.194 1.000 -0.470 0.258 0.069 0.021 0.064 -0.013
cdays 0.016 0.396 -0.470 1.000 0.035 0.040 0.030 -0.117 0.071
wspd 0.057 0.031 0.258 0.035 1.000 -0.002 0.029 0.096 -0.065
alone_share 0.160 0.089 0.069 0.040 -0.002 1.000 0.263 0.125 0.162
grdp 0.171 0.096 0.021 0.030 0.029 0.263 1.000 -0.037 0.119
beds 0.032 -0.026 0.064 -0.117 0.096 0.125 -0.037 1.000 -0.129
park -0.014 -0.033 -0.013 0.071 -0.065 0.162 0.119 -0.129 1.000

Note: Shelter: denotes cold-wave shelter capacity (per 10,000 population), Warning: the number of cold-wave warning messages issued, cdays:
the number of cold-wave days, wspd: average wind speed, alone share: the share of single-elderly households (%), grdp: gross regional

domestic product (GRDP) per capita, beds: number of hospital beds per capita, park: park area per capita

Table A4. Variance inflation factors (VIF)

Variable VIF
Shelter 1.025
Warning 2.158
Warning (squared) 1.998
cdays 1.217
wspd 1.035

In (alone share) 1.148
In (grdp) 1.033

In (beds) 1.125

In (park) 1.032
factor (month) 1.028

Note: Reported values are generalized variance inflation factors (GVIFs). All GVIF values are below the conventional threshold of 5,
indicating no evidence of severe multicollinearity among the explanatory variables. Shelter: denotes cold-wave shelter capacity (per 10,000
population), Warning: the number of cold-wave warning messages issued, cdays: the number of cold-wave days, wspd: average wind speed,
alone_share: the share of single-elderly households (%), grdp: gross regional domestic product (GRDP) per capita, beds: number of hospital

beds per capita, park: park area per capita
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Table Ab. Two-part model results for cold-related patient occurrence with lagged policy variables

(1) Step 1: Probability of positive occurrence

. (2) Step 2:
Variables .. .
(A) No interaction (B) With interaction Conditional patient count (Y>0)
0.027 0.029 -0.034*
Sheltert;
(0.031) (0.031) (0.019)
. -0.074* -0.116%** -0.058**
Warningt.,
(0.042) (0.047) (0.012)
. 0.001 0.003 0.001%*
(Warningt,;)?
(0.003) (0.003) (0.001)
0.037 0.019 0.026%**
cdays
(0.019) (0.022) (0.006)
0.081 0.085 -0.061
wspd
(0.172) (0.172) (0.050)
0.019
In (alone share) - -
(0.113)
2.399%** 2.400%** -0.070
In (fin)
(0.215) (0.215) (0.110)
-0.429%* -0.429%* 0.027
In (grdp)
(0.171) (0.171) (0.064)
0.733%%* 0.732%%* 0.331%%*
In (beds)
(0.157) (0.157) (0.007)
-1.030%** -1.031%** 0.102%*
In (urban_area)
(0.152) (0.152) (0.047)
. 0.013%*%* 0.001
Warning x cdays -
(0.004) (0.001)
0.014 0.035 -9.898***
Constant
(1.049) (1.049) (0.542)
Month FE Yes Yes Yes
N 10,533 10,533 6,623
BIC 8,069 8,072 49,319

Note: *p<0.1, **p<0.05, ***p<0.01. Clustered standard errors at the municipal level are reported in parentheses. Shelter: denotes cold-wave
shelter capacity (per 10,000 population), Warning: the number of cold-wave warning messages issued, cdays: the number of cold-wave days,
wspd: average wind speed, alone share: the share of single-elderly households (%), grdp: gross regional domestic product (GRDP) per

capita, beds: number of hospital beds per capita, urban area: the share of urbanized land area (%), Month FE: month fixed effects
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